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Abstract: The correlation coefficient between two variables plays an essential part in statistics. In 
addition, the preciseness in the assessment of correlation relies on information from the set of 
discourse. The data collected for various statistical studies is full of ambiguities. In this article, we 
investigated some fundamental concepts that strengthen the current research structure, such as soft 
sets, hypersoft sets, neutrosophic hypersoft set (NHSS), and interval-valued neutrosophic hypersoft 
set (IVNHSS). The IVNHSS is an extension of the interval-valued neutrosophic soft set. The main 
objective of this paper is to develop the concept of correlation and weighted correlation coefficients 
for IVNHSS. We also, discuss the desirable properties of correlation and weighted correlation 
coefficients under the IVNHSS environment in the following research. Also, develop a decision- 
making technique based on the proposed correlation coefficient. Through the developed 
methodology, a technique for solving decision-making concerns is planned. Moreover, an 
application of the projected methods is presented for the selection of a medical superintendent in a 
public hospital. 
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1. Introduction 


Correlation plays a vital role in statistics and engineering; through correlation analysis, the joint 
relationship of two variables can be used to evaluate the interdependence of two variables. Although 
probabilistic methods have been applied to various practical engineering problems, there are still 
some obstacles to probabilistic strategies. For example, the probability of the process depends on the 
large amount of data collected, which is random. However, large complex systems have many fuzzy 
uncertainties, so it is difficult to obtain accurate probability events. Therefore, due to limited 
quantitative information, results based on probability theory do not always provide useful 
information for experts. In addition, in practical applications, sometimes there is not enough data to 
correctly process standard statistical data. Due to the aforementioned obstacles, results based on 
probability theory are not always available to experts. Therefore, probabilistic methods are usually 
insufficient to resolve such inherent uncertainties in the data. Many researchers in the world have 
proposed and suggested different methods to solve problems that contain uncertainty. First, Zadeh 
developed the concept of a fuzzy set (FS) [1] to solve those problems that contain uncertainty and 
ambiguity. It can be seen that in some cases, FS cannot solve this situation. To overcome such 
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situations, Turksen [2] proposed the idea of interval-valued fuzzy sets (IVFS). In some cases, we must 
carefully consider membership as a non-member value in the proper representation of objects that 
cannot be processed by FS or IVFS under conditions of uncertainty. To overcome these difficulties, 
Atanasov proposed the idea of intuitionistic fuzzy sets (IFSs) [3]. The theory proposed by Atanassov 
only deals with insufficient data due to membership and non-membership values, but IFS cannot 
deal with incompatible and imprecise information. 


Molodtsov [4] proposed a general mathematical tool to deal with uncertain, ambiguous, and 
undefined substances, called soft sets (SS). Maji et al. [5] Expanded the work of SS and developed 
some operations with properties. In [6], they also use SS theory to make decisions. Ali etc. [7] 
Modified the Maji method of SS and developed some new operations with its properties. By using 
different operators, they proved De Morgan's laws [8] under the SS environment. Cagman and 
Enginoglu [9] proposed the concept of soft matrices with operations and discussed their properties. 
They also introduced a decision-making method to solve problems that contain uncertainty. In [10], 
they modified the operation proposed by Molodtsov's SS. Maji et al. [11] proposed the concept of 
fuzzy soft set (FSS) by combining FS and SS. They also proposed an Intuitionistic Fuzzy Soft Set (IFSS) 
with basic operations and attributes [12]. Atanassov and Gargov [13] extended the theory of IFS and 
established a new concept called Interval Valued Intuitionistic Fuzzy Set (IVIFS). Zulgarnain et al. 
[14] utilized the intuitionistic fuzzy soft matrices for disease diagnosis. Yang et al. [15] proposed the 
concept of interval-valued fuzzy soft sets with operations (IVFSS) and proved some important results 
by combining IVFS and SS, and they also used the developed concepts for decision-making. Jiang et 
al. [16] proposed the concept of interval-valued intuitionistic fuzzy soft sets (IVIFSS) by extending 
IVIFS. They also proposed the necessity and possibility operations for IVIFSS with their properties. 
Zulgarnain and Saeed [17] developed some operations for interval-valued fuzzy soft matrix (IVFSM) 
and proposed a decision-making technique to solve the decision making problem. They also applied 
the IVFSM for decision making [18], a comparison among fuzzy soft matrices and IVFSM in [19]. Ma 
and Rani [20] constructed an algorithm based on IVIFSS and used the developed algorithm for 
decision-making. Zulqarnain et al. [21] developed the aggregation operators for IVIFSS. They also 
extended the TOPSIS technique under IVIFSS and utilized the presented approach to solving mullti- 
attribute decision making problem. Zulqarnain et al. [22] utilized fuzzy TOPSIS to solve the multi- 
criteria decision-making (MCDM) problem. 


Maji [23] offered the idea of a neutrosophic soft set (NSS) with necessary operations and 
properties. The idea of the possibility NSS was developed by Karaaslan [24] and introduced a 
possibility of neutrosophic soft decision-making method to solve those problems which contain 
uncertainty based on And-product. Broumi [25] developed the generalized NSS with some 
operations and properties and used the proposed concept for decision making. To solve MCDM 
problems with single-valued Neutrosophic numbers (SVNNs) presented by Deli and Subas in [26], 
they constructed the concept of cut sets of SVNNs. Based on the correlation of IFS, the term CC of 
SVNSs [27] was introduced. In [28] the idea of simplified NSs introduced with some operational laws 
and aggregation operators such as weighted arithmetic and weighted geometric average operators. 
They constructed an MCDM method on the base of proposed aggregation operators. Zulqarnain et 
al. [29] presented the generalized version of neutrosophic TOPSIS and utilized the considered 
technique to solve the MCDM problem. Hung and Wu [30] proposed the centroid method to calculate 
the CC of IFSs and extended the proposed method to IVIFS. Bustince and Burillo [31] introduced the 
correlation and CC of IVIFS and proved the decomposition theorems on the correlation of IVIFS. 
Hong [32] and Mitchell [33] also established the CC for IFSs and IVIFSs respectively. Garg and Arora 
introduced the correlation measures on IFSS and constructed the TOPSIS technique on developed 
correlation measures [34]. Huang and Guo [35] gave an improved CC on IFS with their properties, 
they also established the coefficient of IVIFS. Singh et al. [36] developed the one- and two- parametric 
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generalization of CC on IFS and used the proposed technique in multi-attribute group decision- 
making problems. Zulqarnain et al. [37] proposed the aggregation operators for Pythagorean fuzzy 
soft sets and developed a decision-making approach to solving multi-criteria decision making 
problems. Sometimes experts considered the sub-attributes of the given attributes in the decision- 
making process. In such situations, all the above-discussed theories cannot provide any information 
to experts about sub-attributes of the given attributes. 


To overcome the above-mentioned limitations Smarandche [38] extended the concept of soft sets 
to hypersoft sets (HSS) by replacing function F of one parameter to multi-parameter (sub-attributes) 
function defined on the cartesian product of n different attributes. The established HSS is more 
flexible than soft sets and more suitable for decision-making environments. He also presented the 
further extension of HSS, such as crisp HSS, fuzzy HSS, intuitionistic fuzzy HSS, neutrosophic HSS, 
and plithogenic HSS. Nowadays, the HSS theory and its extensions rapidly progress, many 
researchers developed different operators and properties based on HSS and its extensions [39-42]. 
Abdel-Basset et al. [43] plithogenic set theory was used to eliminate uncertainty and to evaluate the 
financial performance of the manufacturing industry. They then used the VIKOR and TOPSIS 
methods to determine the weight of the financial ratio using the AHP method to achieve this goal. 
Abdel-Basset et al. [44] presented an effective combination of plithogenic aggregate operations and 
quality feature deployment procedures. The advantage of this combination is to improve accuracy, 
as a result, summarizes the decision-makers. Zulqarnain et al. [45] extended the TOPSIS technique to 
an intuitionistic fuzzy hypersoft set and developed some aggregation operators under-considered 
environment. They also established a decision-making approach based on developed TOPSIS to solve 
the MADM problem. 


Basset et al. [46] proposed the type 2 neutrosophic numbers with some operational laws. They 
also developed the aggregation operators for type 2 neutrosophic numbers and developed the 
decision-making technique based on developed operators to solve the MADM problem. Basset et al. 
[47] established the AHP and VIKOR methods for neutrosophic numbers and utilized them for 
supplier selection. Basset et al. [48] presented the robust ranking technique under a neutrosophic 
environment for the green supplier chain management. Basset et al. [49] presented a neutrosophic 
multi-criteria decision-making technique to aid the patient and physician to know if a patient is 
suffering from heart failure Samarandche’s NHSS is unable to solve those problems where the 
truthness, indeterminacy, and falsity object of any sub-attribute is given in interval form. We know 
that generally, the values vary, for example, medical experts generate the report of any patient we 
can observe that the HP level of blood varies from 0-17.5, these values can not be handled by NHSS. 
To handle the above-discussed environment we need to develop IVNHSS. The developed IVNHSS 
competently deals with uncertain problems comparative to NHSS and other existing studies. The 
main objective of this research is to introduce CC and WCC for IVNHSS. 


The following research is organized as follows: In Section 2, we review some basic definitions 
used in the following sequels, such as SS, NSS, NHSS, and IVNHSS, etc. Section 3, established the 
notions of CC and WCC under IVNHSS and discussed their desirable properties. An algorithm and 
decision-making method developed in section 4 is based on the proposed CC. We also used the 
established approach to solve decision making problems in an uncertain environment. Finally, the 
conclusion is made in section 5. 


2. Preliminaries 


In this section, we recollect some basic definitions which are helpful to build the structure of the 
following manuscript such as soft set, hypersoft set, and neutrosophic hypersoft set. 
Definition 2.1 [4] 
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Let U be the universal set and € be the set of attributes concerning U. Let P(U) be the power set 
of U and AG E.A pair (F, A) is called a soft set over U and its mapping is given as 
F:A > P(U) 
It is also defined as: 
(F,A) = {F(e) €P(U):e € E,F(e) = Oife EA} 

Definition 2.2 [38] 
Let U be a universe of discourse and P(U) be a power set of U and k ={k,, kz, k3,..., Kn}(m 21) be 
a set of attributes and set K; a set of corresponding sub-attributes of k; respectively with K; 9 Kj = 
@ for n = 1 for each i, j € {1,23 ... n} and i # j. Assume K, < K, x K3* ... x Ky = A = 
{ayn X Agx X ++ X Ay} be a collection of multi-attributes, wherel <h<a,1sk<fB,andl1<sl< 
y,and a, B,and y € N. Then the pair (F, K, x K x K3x...x K, = A)is said to be HSS over U and 
its mapping is defined as 
F: K, x Ky x K3x...* Ky =& > P(U). 
It is also defined as 
(F, A)= (a, Fy(@: a €A, F(a) € PU} 
Definition 2.3 [38] 
Let U be a universe of discourse and P(U) be a power set of U and k ={k,, kz, k3,..., Kn},(n 21) be 
a set of attributes and set kK; a set of corresponding sub-attributes of k; respectively with K; N K; = 
@ for n = 1 for each i, j € {1,2,3 ... n} and i # j. Assume K, x Ky x K3x ... x Ky = A = 
{din X A2~ X ++ X Any} be a collection of sub-attributes, where 1 < h<a,1<k<fB,and1<l< 
y, and a, B, and y € Nand NS“ be a collection of all neutrosophic subsets over U. Then the pair 
(F, K, x Kz x K3x... x Kj, = A) is said to be NHSS over U and its mapping is defined as 
Peg oe ho Rak 3 Ky = A NS, 
It is also defined as 
(F, A) = {(4 Fa(@)):& EA, Fe) € NS“}, where Fx(d) = {(5, ora (0), Te(@y (5), Yea (6)): 6 € U}, 
where 0 (a)(6), Tr(a)(6), and Yr(q)(5) represent the truth, indeterminacy, and falsity grades of the 
attributes such as o¢(a)(6), Tra) (O), Yr(ay(5) € [0,1], and 0 < oF (g)(6) + Tea (6) + Ye~m(6) S 3. 
Example 2.4 
Consider the universe of discourse U = {6,,6,} and 2 = {#€, = Teaching methdology,?t, = 
Subjects,£3 = Classes} be a collection of attributes with following their corresponding attribute 
values are given as teaching methodology = L, = {a,; = project base, a,, = class discussion}, 
Subjects = Lz = {a,, = Mathematics,a,, = Computer Science, a3 = Statistics}, and Classes= L3 = 
{a3, = Masters,a3, = Doctorol}. Let A = L, x L, x L; bea set of attributes 
A= L, x Ly x Lz = {044,012} X {21,422,293} X {31,432} 
S beet p14, 431), (Ay4, 21,432), (Qy1, 22,431), (G11, 22, 432), (G11, A23, 431), (G1, A23, eA 

(Qy2, A271, 431), (42, @21, 432), (G12, @22, 431), (G12, 422, A232), (A12, 423, 431), (A12, 423, 432), 
A - {ai A, ds, G4, ds, de, ay, dg, do, dio, ain, i423 
Then the NHSS over U is given as follows 
(F,A) = 

(G1, (54, (.6,.3,.8)), (62, (.9,.3,.5))), (Gz, (64, (.5,.2,.7)), (2, (.7,-1,.5))), (G3, (61, (.5,.2,.8)), (52, (.4,.3,.4))), 

(aa, (61, (.2,.5,.6)), (52, (.5,.1,. 6))) (as, (6,,(.8,.4,.3)), (62, (.2,.3,. 5))) ; (te, (51, (.9,.6,.4)), (52, (.7,.6,. 8))) 
(G7, (61, (.6..5,.3)), (62, (.4,.2,.8))), (Gg, (61, (.8,.2,.5)), (52, (.6,.8,.4))), (Go, (61, (.7,.4,-9)), (62, (.7..3,.5))), | 


(G10, (54, (.8,.4,.6)), (8, (.7,-2,.9))), (Giz, (1, (.8,-4,.5)), (52, (.4,-2,.5))), (Gis, (61, (.7,.5,-8)), (52, (.7,.5,.9))) 
Definition 2.5 [42] 
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Let U be a universe of discourse and P(U) be a power set of U and k ={k,, kz, k3,..., kn}(m2 1) be 
a set of attributes and set kK; a set of corresponding sub-attributes of k; respectively with K; N K; = 
g for n = 1 for each i, j € {1,2,3 ... n} and i # j. Assume K, x Ky x K3x ... x Ky, = A = 
{Qin X A2~ X +X Any} be a collection of sub-attributes, where1 <h<a,1<k<fB,and1<l< 
y, and a, B,and y € Nand IVNS™ be a collection of all interval-valued neutrosophic subsets over 
U. Then the pair (F, K, x K, x K3x ... x K, = A) is said to be IVNHSS over U and its mapping is 
defined as 

F: K, x K, x K3x...* K, =& > IVNS®", 

It is also defined as 

( F , K ) = — {(Gy, Fi (Gp)): ty EX, Fx(Gp) € NSY}  , where = Fx (4) = 


{(S, OF (ty) (5), Te (ai,) (5), Yr(a,)(9)) :6€ ul, where OF(u,) (9), TE(G,) (6), and YF (ti,) (6) represent the 


interval truth, indeterminacy, and falsity grades of the attributes such as o(y,)(6) 

£ a £ a 
Fa EeQO] Ha) = ey OXayOl, ray = [rae]: 
where 05(%,)(5), Fa, > Tq) tHa,)O + Vea) V4a,)() © [G1], and 0 < 


Oxi, (8) + TH, (+ ¥4q,)(8) < 3. 

Simply an interval-valued neutrosophic hypersoft number (IVNHSN) can be expressed as F = 
{oF a (4), O85 (8)| , [Fa (4), oS (8)| , yeu) (6), Ve (8)]}, where 0 < of.) (6) + 
tH) (5)+ 14,,)(8) < 3. 


3. Correlation Coefficient for Interval-Valued Neutrosophic Hypersoft Set 


In this section, the concept of correlation coefficient and weighted correlation coefficient on 
NHSS has been proposed with some basic properties. 
Definition 3.1 


Let (FA) = {(6;, [ofa (6), 0% (6) [ha (6, 26) [2c (6.7%, (6)]) | 6. € U} and 
(GM) = {(5, [ofc (6), of (6) | , [fa (6d. Ao (6) | , fas (6), 7%,5(6)]) | 5: € u} be two 
IVNHSSs defined over a universe of discourse U. Then, the informational interval neutrosophic 
energies of (F,A) and (G,M) can be described as follows: 


Siwnuss(FA) = DPL1 Da ((ofa,y(60) + (oa (id) + (tha) + (tHay Gd) + (yEcay(6) + 


(ra (6) ) (1) 
Siwnnss GA) = DP, Dr ((okay(6) + (oa, y() + (thay (Od) + (td) + (réay(6) + 
(7é4a4(61) ). 2) 


Definition 3.2 

Let (F,4) = {(5, [ofa (6), 0% (6)], [road 74,)(6)] [4 (60,7%,)(6d]) | 5,€ u} and 
Gi) = {(5: [OF (.) 1X (6). [eG (61). 78 (6), [rece (6) 7Z,9(6:]) | 6: € WH be two 
IVNHSSs defined over a universe of discourse U. Then, the correlation measure between (F,A) 


and (G,M) can be described as follows: 
Ciwnuss((F.A), (G,A)) = 
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ym yn Gas (81) * Of) (6d) + OMe, (60) * OF, )(51) + Thay (Oi * Thay (60) + Tay (5d * TH, (50) ‘) 
k=1 Li=1 
VF cay) (51) * VG) (51) + VF ey (51) * Veg (61) 
(3) 
Proposition 3.3 
Let (F,A) = {(5, [ofa 0%, (6)], [road 74,)(6)] [4 (60,7%,)(6d]) | 5, € u} and 
(GM) = {(5, [ofa (4),6%,)(6)|.[bo)(6.).749 (6). [fc 6d. 1,5(6))) | 5, € u} be two 
IVNHSSs and Crywyss((F,A), (G,A)) be a correlation between them, then the following properties 
hold. 
1. Crynuss((F A), (G.M)) = Siwnuss(F A) 


2. Crnuss((F.A), (GA) = Sivwuss(GM) 
Proof: The proof is trivial. 


Definition 3.4 

Let (F,A) = {(5, [oa 0% (6)], [ey 6d.74)(6)] [4 (6.7%, d]) | 5,€ u} and 
(GM) = {(5, [ota (5),0%.) (6)].[-fo)(6).749 (6). [4c (6), 7.,5(6))) | 6, € u} be two 
IVNHSSs, then correlation coefficient between them given as Sjyyuss((F.A), (G,A)) and expressed 
as follows: 


see se Crvnuss((F.A)(G,A)) 
6 FA), (G¢,A)) = SA 4 
wnuss((FA), (GA) VSivnuss(F.A)* VSivnussGa) @) 


Ownuss((F.A), (GK) a 
ST ae TN Od Me SR SoS ST I Oe 2 SF 
om yn F(t.) OU" Gay) OD* FH (cy) OD*O Gi.) OOF Tp (e,) OUT G (a, ) SUF F(a, OD*7G(a,) ODF 
ean £ pee, \ptvA, (env (6p 
V5 (tip) OO *Y G cig) OOF Ve (ay) OO*Y G (a, 


f2razte( (ob) +(#%5y(40) +( Say) +a (9) +(r£¢4(%), 


2 
+( 124,,)(00) ) 
£ : a _ £ ‘. a : £ a : 
Paxrzra((efap') +(e, 90) +(efey@) +( 2g) *( fey) +( 7200) 
Proposition 3.5 
Let (F,A) = {(5, [ofa 0% (60), [road 74,)(6)] [4 (60,7%,)d]) | 5,€ u} and 
Guid) = {(61, [05 c4)(8), 0%. ()] rE cay (0, Hig 6] [rE cay (6-7Z,)()]) | 6: € UF be two 
IVNHSSs, then CC satisfies the following properties 
10S Sirmnss(FA,GA) ST 
2. Ownuss((F.A), (GN)) = Sivnuss(G,A), (FA)) 
a es : ; t £ 
3. If (FA) = GA), thatis V i, k, 09) (6) = %q,)(6), GG) = O44 5(6), 
t _ a _ _a t 4 a = 
TED = EE) GD, TEC) = Tee, ANA 156,906) = Gq) 60, V2, (60 = 
Ve(z,) (6), then Syuss(FA), (Gi) = 1. 


Proof 1. Sjynuss((F,A),(G,A)) = 0 is trivial, here we only need to prove that Sjyyuss((F.A), (G,A)) 
<1. 


2 


From equation 3, we have 


Sivwuss((F.A), (G,)) = 
£ £ t t 
Oo a (6) * Thay (5) + OF (5) * OF, (6) + 1H a, (5)) * tha, OD + TH (id * 1E5,,)(6) + 
t t 
VF (a,) (Oi) * VG(a,) (61) + Via, (51) * ven, (51) 


k=1 Lint 


e e a a £ £ a a, 
ym (’ FG) G1) * OG) 1) + Ox, (61) * OGG, (51) + THe, (Or) * Te) CO) + THE, OL) * TG, OL) ‘) 
kat £ £ uw u 
VEG) (5,) * VG (ui) (5,) + VrG,) (5,) * VG (iy) (6,) 
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+ 
£ £ a a t t a a 
on fs (52) * OG (u,) (52) + OF (%,) (52) * 05a, (52) me TEG,) (52) * TE(%,) (52) + Te(%,) (52) * TG (ti,) (52) ‘) 


k=1 £ £ a a 
VF(%) (52) * VG%) (52) + V F(a) (52) * VG(%) (6) 
+ 
+ 


m7 £ 2 u a L 2 a, a 

y eo * OG) (On) + Or) On) * OG) (On) F Te) (Gnd * TECH) (On) + THEA) On) * TECH) Fn) 
2 2 u ia 

hol VEG) (6,,) * VG (a) (6,) + VEG) (6,) * VG(%) (6,) 


Ownuss((F.A), GA) 


e e u a, e e a. a. 
a (61) * OG, 1) + Fe@,) (Or) * OG (a, (61) F te@,) COD) * HG) + THEOL) * TE) (L) ‘) a 
e e u ia; 
VF) (6;) * VG) (6,) + V F(a) (6;) * VG(%) (6,) 
e e a. a. e e a, a, 
(’ FO) (81) * OG (a) 1) + OF (a, GL) * OGG, (6) F tea, (1) * TE) (51) + Trea, (OL) * TEE) (6) ‘) 
e e wu a, 
VF (ay) (5,) * VG(%) (5,) + VF (a) (5) * VG@p) (5,) 
+ 
+ 
ee (51) * O54, (51) + FFG) (51) * O&GG,9 (51) + ta, (51) * TG, (1) + 7H, (1) * 184, (1) ‘ 


e e a a 
Ve Gig) OW) * VG Cg) 51) + Ve Gq) (5) * VG CG, 51) 
+ 


£ £ £ t 
ie (52) * 06 (a4) (52) + OH(G,) (52) * FL.) (82) + Tea, (52) * th ca.) (52) + THa,9 (52) * 1H (62) ‘) + 
VE ca, (82) * HE (2) + 1, y 52) * 1&2) 
£ t a, a, £ £ a) a) 
or * O¢(%,) (62) + Or@,) (2) * OG (a, 62) + tea, Gr) * TEea,) (62) + THEE.) (52) * TE, (62) ‘) 
t £ u 4) 
VF) (62) * VG (a) (62) + Vr (i) (52) * VG (a) (dz) 
+ 
+ 
£ £ a a e t u u 
tie (52) * O54, (52) + FF G,,) 2) * OGG,,) (52) + TH ,,) (62) * TG G,,) (62) + TECH) (52) * TECH) (52) y 
t £ u u 
Vr¢%,,) 652) ‘i VG Cm) (62) ot VF (im) (52) * VG (Gn) (62) 
+ 
+ 
£ £ £ t 
eo * 06(%,) (On) + ona (5,,) * Tes O,) + 15, (On) * T6(%,) Cn) + Ton) * i, On) ‘) en 
Vee On) * Vea) PISS Od * Ee On) 
£ £ us u £ £ u a) 
(ee * 05%) On) + OF @,) On) * OG %,) (On) F TG) (Fn) * TH) (On) + TH (a,) On) * TECH.) (On) ‘| 
£ £ 4) 4) 
VF (Gp) (5,,) * VG (&) (5,,) + VF (iy) (5,,) * VG (ap) (6,,) 
+ 
+ 
£ £ a u £ £ u a 
e (6,,) * OGG) (6,) + Ox(i,,) (On) * O¢,,) (6,) + Tr (,) (On) # TG (%,,) (On) + Te, (6,,) * TE (Hm) (6,,) ‘| 
£ £ u au 
VF(Cm) (6,) * VG (um) (6,,) + VE Cn) (6,) VG (tim) (6,) 
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t t t od 
(a5 ca(8s) * Oca (81) + Off) (61) * OFf(81)) + (heey (Ba) # Ofc 8a) + 1X (0) * OGy(6)) 


Ded 
eect (a (5,) * OFC) (5,) + OK :,)(On) * of) (6,)) 
£ £ £ £ 
ye (fa (6 * T6(G) (6,) + Hi) (61) * Ke) (6,)) zo (hey (52) * 75%) (52) - HG) (62) * Ki) (62)) 
k=1 


t t 
tt (thay Gn) + thay Gu) + Hn) * 1,9) 
t t a a t £ a a 
. (vey (1) * rhea) + AG) #12, )(6D) + (hea 6a) # recap (Gr) + Ayr) * 7H, (62)) 


= to (rhea Gud * Vea On) +1 (nd * ZA. (6.)) 
By using Cauchy-Schwarz inequality 
Sivnuss((F.A), (G.A))* S 


(((efasten)' + (oft) ) + ((ohast60)'+( (0%. (02) y+ -+((efas(60) + (04,06, ))) 
y (aso) + (2,906) (shay(6d) + (22,9(6) ))) 
(% apd) + (r,9(60) + ((fay(6a) + (v4. y+. + (ay) + (rZ,960) ))) 
(((os wo(6) + (84,60) ) + ((ofasta)' + ( (o%49) y+ + (( Tes) + (0869) )) 
+{(Gavey + («fs66) ) + (thao) +( (<2) y+ +(( (<ha)(,)) + ) +(<4,96.)) ‘) 

))+( ( 


(vfs) +( (¥i%59 (62) y+ —7 rheay(6s)) + (12.60) )) 


+ ( wee («., (62) y) feet 


) 


k=1i=1 


(((oécn(@0)° + (04°60) ) + ((rhay(@d)" + (*8yn(@0)') + ica : aa 
k=1i 


Siynnss(CF, A), (GA)? < Sivwuss(F.A) X Sivnuss(G.A). 
Therefore, Siywuss((F.A),(G.A))? < Sivwuss(F.A) X Sivwuss(G,A). Hence, by using definition 3.4, we 
have 


Owauss((FA), (GM)) < 1.S0,0 < Swass((FA), GA)) < 
Proof 2. The proof is obvious. 


x 
SIM 


Proof 3. From equation 5, we have 
Se ee TF (ay) SO*O Gay 80+ (44) 6D" 75a) O04 ceca 
=i dint £ £ wu ZA 
Ve (Gy) OD *VG (cay) OD Ve(ay) OD *VG(a,) OV) 


2 2 2 2 2 
F2m2t,( (hao) +(0%,.60) +(16a,)(60) (eZ 7H {oi ») +(4a,)0) +( 7A) ) 


2 2 2 2 2 
ae ( (of) +(0%,)(60) +(e (60) (ed, NC ») +(rha)60) +( 74, (60) ) 
As we know that 


O7,) (6) = Oe, (6.), 4 696) = Os) (8), tee (8) = TE) OD, treEQ(B) = tYG) (6), and 
VEG.) (6) = Vic) (50, Ve) (5) = Vatu) (4,). We get 


Sivwuss((F.A), (G,M)) = 
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Oivnuss((F.A), (G,A)) > ; : 
BEB (orca) +(er(a)(60) +(r(a)0) ) 


f2r.ztal (ove) +(e) *(rocyy) ) [oe 22s( (rte) +(e) +( rec) J 


Ownuss((FA), (GM) =1 
Thus, prove the required result. 
Definition 3.6 


Let (FA) = {(6;, [of @)(6.), 2%) (6) [hay (6, (6) ] [12 (6,74, (6)]) | 6. € U} and 
Guid) = {(6%,[ O54) (8), 0%]. rE cay (6d) Hig 6] [rE cay (607Z,)(8)]) | 6: € UF be two 
IVNHSSs. Then, their correlation coefficient is given as S;yyyss((F,A), (G,A)) and defined as 
follows: 


1 “ ey Crvnuss((FA),GA)) 
Sivnnss (FA), GA) max{Sivnuss(F.A),SivNussGA)} (6) 


. ihe Riahie 
Sivnuss((F,A), (G.A)) = 
é& (8.9905 iy) OD+ Olay (OD*O Sayy OOF ay) (OD tG ay) (OI+ "HC OO* SG) i) 


2 


Yikes Lie 
Slate £ £ a a 
V5 (ap) OD*V 60%) (6)+ VF (ay) (6) *1G) (6) 


(7) 
Bea Bt (fan) +(0%9(60) *(ehap (69) +(4660) +(4a(60) +724, ©) ) 


ies rE((7 GC) 6)) +0460) +(heap 69) +(<H,) 6) +(rheap (69) +( rita) «)) ) 
Proposition 3.7 
Let (F,4) = {(5, [ofa 6), 0% (6)], [oa d.74,)6)]- [4 (60,7%,)d]) | 5, € u} and 
(GM) = {(5., [8a (6), 05, (6.)]. [tbc (5), Hy (6)]- [rf (6,746) | 5: € u} be two 
IVNHSSs. Then, CC satisfies the following properties 
1. 0S Siywass(FA),(GA)) < 1 
2. divnuss((FA), (GM) = Sivunss((FA), (G.A)) 
3. If (FA) = GA), thatis V i, k, O9¢)(6) = %Gq,)(6), GG) () = O44 5(6), 
te, (6) = TCs.) (6,), THe) (5,) = Tae) (6,), and V5.) (6,) = Voc) (6,), Vite.) (5,) = 
v,(6,)- Then, Siywass((FA), Git) = 1. 


Proof 1. Sivnuss((F.A), (G,A)) = 0 is trivial, here we only need to prove that Sjyyyss((F.A), GA)) 
<1. 


From equation 3, we have 


Sivwuss((F.A), (G,M)) =, 
FF (a (51) * FG a5) + OFa,y (81) * Ola, F tH eayy (6) * Tha, 6) + 14,9 (60 * 7 (0 + 
t e ZA ZA 
V(x) (5i) * VG(c4) Si) + Vere (Oi) * VG, (i) 


max 


k=1 Lint 


a ee (61) * 6%) (61) + 7) (6,) * 6, (61) + thee, (61) * tog, (61) + (61) * 7A (6) ‘ 
VE cay (1) * Voc (51) + 1%, 61) * 1A, (51) 
+ 
rr, (eae * Oeees (52) + °F (52) * O56) + iG ar) * ae) + iS (>) * 14,5 (62) ‘| 
VE cay (82) * VE ¢4,) (52) + 1G, ) 62) * Ey (52) 
+ 
2 
‘ pe + 6 ¢,)(6n) + TF, (n) * OF, s(n) + they (On) * they (On) + 1,9 (Gn) * 1H, (Gn) ‘ 
VE cay (On) * Voc On) + 1-5) On) * 1G) (Sn) 


k=1 
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Sivnnss (FA), GA) 


tes Oa, (51) + oF.) (61) * oF.) (61) ae th,(61) * Teen) + 1a, )(51) * een (5) ‘) - 
Yray(@ % Vecu,) (51) + Ve, (81) * Ve (61) 
ia Ob (a) (51) + *F) (5;) * Eta) a TGs) ze tea) iF 144,5(61) * 1 5(61) ‘| 
is (5;) * Vee (5,) + Vea, (81) * ies (5;) 
+ 
: 
Ge ) (54) * Oe: (51) + RG (51) * ‘ic (61) + tt (51) * th (51) + ie (54) * ee ) (54) ‘) 


25 (5,) * an (5,) + ees (5,) * Vs (6,) 
+ 


& (52) * Tass) at O45 (62) Os () a ti 5 (6p) ‘ then) t 14,)(52) * ae ) (52) ‘) : 
Yray(@) Ve, (62) st Yay) * Vere (52) 
sia Oh, )Bo) + Os (52) * ate) + hu) (52) * tha) ai 14, (82) * oe ) (52) ‘) 
Ve) (62) . Vee (52) + Vea,)(82) * ees (52) 
+ 
: 
oe ) (62) * Gee: ) (62) + ae. ) (62) * Oey: (62) + tH ) (62) * “it ) (62) + ae (62) * ee ) (62) ‘) 
Veq,) (52) x Ve, (52) + Ve (52) * ons (62) 
+ 
: 
oe Te ca) (On) + 7) (5,) * Et (bn) + tra) (5,,) * ran) + AG) # me ) (on) ‘) “¢ 
veuy On) * Ya s(n) + 75.9 Sn) * 1) (On) 
~~ ) « ee OF y+ Ores )* Oe. (5, y+ OH ) « Tan y+ tees) te (5) ‘) 
VE (a) (Sn) * YE ¢%,) (On) + 1A G4,) On) * 1G) (Sn) 
+ 
: 
(6,,) * Oe (6) + RG 5605) * Ch (6) + i )(5,) * Fae at ie )(5,) * tet )(5n) ‘) 
VE ca) (On) * VEcq, (On) +74, (Sn) * 1, y (On) 


£ £ £ £ 
(89061) * Oba Gr) + 9,1) * 7F5,)(61)) + (Of a (62) + Ofc (62) + 7,962) * 0%,.(62)) 


aaet 
++ (oh e)(6,) + Of) 6n) + OF )(6,) * 15 (6,)) 
g £ g g 
yi (fa (6 * T6(G) (6,) + Hi) (61) * 1) (6,)) ao (hey (62) * 75%) (52) = HG) (62) * Ki) (62)) 
k=1 


t £ a a 
eet (Sey (Sn) * TH) On) + TCH) On) * Hig.) 
t t a a t t a a 
3 (vey (1) # heey Gd + Gd) #1, yD) + (hea (6) * heap Gx) + Ay.) * 7%, )(62)) 
t t a a 
ra to (rhea Gu) *1heay On) +1 (6n) * 1H (6u)) 


By using Cauchy-Schwarz inequality 
Sivwuss (FA), (G,A))* < 
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(xcs + (o%.) 6) ) + ((ofe (6:)) + (04,6) ) erect ((ot F (hp) (6,)) "+( (a4) ) 
> ie (((fao 6,)) + (A (6,)) = (Ce (6,)) + + (Fi (52) y) t+( (tq (6,)) +( (4 (51) ) 
; + rH (6)) 


( ‘ + (an) + (,)(62)) ) 4. -+((4 an) “ (v4.56) 2 
( 


x 


+(o4,(6)) pay (od, (0) to+((tfe (0) + (0%. 66.) )) 
+ 
Sivnuss((FA), (GA)? 
have 


"+ (9660) ) a3 ((chay(6) (52) + (22.9) y) cs _ T baG)): +( Hi) ‘) 
A (eée ad) + + (afa,)(60) } + (chad) + («Hi (60) ) + ((réa (60) + (vXa,)(5)) y) )) 
Shrnnse(CF A), (G))* < Sivnuss(F.A) X Sivwnss(GA). 
Sivnnss((FA), (GM)) S 1.S0,0 < Sivwuss((FA),GA)) < 


+ - ) + (20d) )+( (rf) + (72960 y+ +((réay0) + (v2.5) ‘) 
< 
SY (( (civay(50) + (agy(6) ) + ((eheap(@)° + (ean(@)) + ((rdap(6)" + (rean(60)")) 
Therefore, Sjynuss((F,A), (G.A))* S Sivnuss(F.A) X Sivwuss(G,A). Hence, by using definition 3.4, we 
Proof 2. The proof is obvious. 


Proof 3. From equation 5, we have 
e £ wu 
yr yn FF (44) O05 a4) (0 OF, 6D*O Ge, 0+ on tan M+ Ya (0*t (60+ 
=1 Sij=1' 
VE (ay) 50 *V(a,) D4 Va (6% ay, Od 


2 2 2 2 2 
f2m2t,( (hey) +(0%,.(60) +(16a,)(60) (ez 7H) ») +(r6,)°0) +( 720) ) 


2 2 2 2 2 2 
farsa ( (of) (0,60) +(e (60) +(24,(60) +(rfa)(60) +( 7,60) ) 
As we know that 


O76.) (8) = O56), OG) = 86, (8), Tee) = Ea) (), tHe (6) = tHe, (D, and 
VEG.) (5) = Vic) (50, Ye) (5) = Vets) (4,). We get 
Sivwnss((F.A), (G.A)) = ; : : 

BEB (orca) +(e5(a)60) +(re(a)0) ) 


f2re.za (ove) #(ertay)60) +(rocyy0) ) fo 28((ertayy'62) +(e) +(e) J 


Sivwnss((FA), (GM)) = 1 
Thus, prove the required result. 


Definition 3.8 

Let (F,A) = {(5, [ofa (6), OKa) (6) | , [rc (8.)s ae (5) , ee (6;), ees (6)]) | 5,€ u} and 
(G,) = {(5, [ofc (6), of (6) | , [ee (dy (6) | , lees (6), 74,5(6)]) | 5: € u} be two 
IVNHSSs. Then, their weighted correlation coefficient is given as dwiyyuss((F,A), (G,A)) and 
defined as follows: 


te “ Cwrvnuss(FA),GA)) 
roy FA) GM) = eS 8 
wivnss (( (GA) VSwivnussG.A)* /SwivnussGA) 8) 


Sivunss((F.A), (G,M)) = 


Rana Muhammad Zulgarnain, Xiao Long Xin, Bagh Ali, Said Broumi, Sohaib Abdal, Muhammad Irfan Ahamad, Decision- 
Making Approach Based on Correlation Coefficient with its Properties Under Interval-Valued Neutrosophic hypersoft set 
environment 


Neutrosophic Sets and Systems, Vol. 41, 2021 23 


Owivnuss((F, A), G, K)) = = 
FCG, )(6)* FEC, 6+ m7 26079004 1) Od* ean * 1 OIG G+ 
Whe 1% TE 1Yi 
VEC) (+74 ,) (6;)+ ve (6;)* ve) (6;) 


pe on av (hay (0) +f) )) +(e£qy(@) +(e.) +(oeap (6) +( 14400) J) 
be, on re (ehn(60) +( 0% ()) +(e )) +(rZ ()) +(ra (0) +( re) @») )) 


Definition 3.9 
Let (FA). = {(5, [ofa (6), 0%)(6)]. [Fed 4, (6)], [4 (6.,7%,)(80]) | 5,€ u} and 
Gi) = {(5: [OF cy (6), 0a (6)]- [eG (5), 7X (6) - [rE cay (6. 7%,9(6.)]) | di € UJ be two 
IVNHSSs. Then, their weighted correlation coefficient is given as Sj iywuss((F.A),(G,A)) and defined 
as follows: 

1 ve sey Cwivnuss((F,A)(G,A)) 
Swivnnss (FA), GA) ~ max{Swivnuss(F.A).SwivnussG.A)} (10) 
owinuss(FA), G, us 


é Fi) OD*O EC) OF FH, OIL, (6, ey (60 us acu) + 1H, Gd*r ey 6: i) 


Veet XK Vien Yi 
VEC) (61 rec) (6: i)+ ee 1) Od* va 1) OD 


Deet an 2a 1 (7436) +(o4,.)) +(r6¢q)(80) +(e, (6) +(r4¢960) +( %..(69) )) 
max : Z F 
Beeson Rea eB v{ (heap) +(o4,)0) +(x44)(60) +(rH (60), +(rhq (6d) +(1%, 9) ’))) 
If ider © = (=, =,..., =} and y = (=, +,..., =}, then 6 FA), (GA d 
we consider 2 = {—, —,..., —} and y = {=, —,..., =}, then Swivwuss((F,A), (G,M)) an 


Swivnuss((FA), (G,A)) are reduced to Sivwass((FA), (G.A)) and Sivunss((FA), (G.M)) respectively. 
Proposition 3.10 


Let (FA) = {(6;, [ob @,)(6:), 0% (6)] [ha (6, (6) | [2c (6.7%, (6)]) | 6 € U} and 
(G,) = {(5., [ofc (6), of) (6) | , [e679 (6) | , Eee (5).74,) (6)]) | 5: € u} be two 
IVNHSSs, then WCC between satisfies the following properties 


1. 0S Swivnuss(FA),GA)) < 1 
2. Swivnuss((FA), (GA)) = Owivwnss(GA), (FA) 


3. If (FA) = GA), thatis V i, k, O9)(6) = F6q,) (6), OG, (6) = O64 (6), 
TaN) = TEED, THEI = EEC, aNd rq (4) = Veqy (6D: ¥x04,) (0 = 
vu,,)(6,), then Swivwuss(FA), (GA) = 1. 


Proof 1. Similar to proposition 3.5. 


4. Application of Correlation Coefficient for Decision Making Under IVNHSS Environment 

In this section, we proposed the algorithm based on CC under IVNHSS and utilize the proposed 
approach for decision making in real-life problems. 
4.1 Algorithm for Correlation Coefficient under IVNHSS 


Step 1. Pick out the set containing sub-attributes of parameters. 
Step 2. Construct the IVNHSS according to experts in form of IVNHSNs. 
Step 3. Find the informational interval neutrosophic energies for IVNHSS. 


Step 4. Calculate the correlation between IVNHSSs by using the following formula 
Cwnuss((F.A), (G.A)) = 
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t t (a a t t a a 
myn, Gig * 05 (a, (Oi) + FF (a, (OD) * 9G (a, OD) + Tea, OD * Toa) OD + THA, COD * Tea, (OD + 
ers 


VF (ay) Oi) * Vea, (5d + Ya, Od) * 1a) (51) 
Step 5. Calculate the CC between IVNHSSs by using the following formula 


see “ Civnuss((FA),GA)) 
6 FA) (GM) = See —s 
wuuss((FA), (GA) VSivnuss(F.A)* VSivnuss(Ga) 


Step 6. Choose the alternative with a maximum value of CC. 


Step 7. Analyze the ranking of the alternatives. 


A flowchart of the above-presented algorithm can be seen in figure 1. 


Choose 
Alternative 
with maximum 
value of 
Correlation 
coefficient 


Expert's rating in terms 
of IVNHSNs for 8? 
w.rt sub-attributes 


Find the CC 


Expert's rating in terms 
of IVNHSNs for x‘! 
wt sub-attributes 


Input 


Alternatives. attributes 
(Sub-attributes) 


Measure the correlation 
bw alternatives and 
management 
requirement 


, 


Expert's rating in terms 
DM 6; of IVNHSNs for 8°?) 
wrt sub-attributes 


De a . Compute the Analyze the 

orreene ace informational interval At sie . 
saree neutrosophic energies ° oe ” 

wt sub- es for each alternative ranking 


Figure 1: Flowchart for correlation coefficient under IVNHSS 


4.1 Problem Formulation and Application of IVNHSS For Decision Making 

Ministry of health advertises for the one vacant position of medical superintendent (MS) in 
hospital. Several medical experts apply for the post of MS, but referable probabilistic along with 
experience simply four experts are considered for further evaluation such as 8 = {X’,N?,N°, 84} bea 
set of alternatives. The secretary of the health department hires a committee of four decision-makers 
(DM) U = {6,, 65,53, 64} for the selection of MS. The team of DM decides the criteria (attributes) for 
the selection of MS position such as 2 = {€, = Experiance,f, = Dealing skills,£3 = Qualification} 


be a collection of attributes and their corresponding sub-attribute are given as Experience = £, = 


{a,, = more than 20, a, = less than 20}, Dealing skills = ?, = {a2, = public dealing, azz = 

Staff dealing}, and Qualification = f,; = {a3, = Doctoral degree in medical education, a3, = 

Masters degree in medical education}. Let 2’ = £, x #2 x £3 beaset of sub-attributes 

R= 2, x €, x €s = (Ay, A2} X {21,422} X {431,432} 

S sa 21,431), (Aq1, A214, 432), (A11, Az2, 431), (Ai1, M22, 432), 
(A12, 421,431), (Ay2, 21,432), (A12, A22, 431), (G12, 22, 32) 

of all multi sub-attributes. Each DM will evaluate the ratings of each alternative in the form of 


IVNHSNs under the considered multi sub-attributes. The developed method to find the best 
alternative is as follows. 


! ~~ ~~ yy ye 
\ g = {ai, Q2, Az,A4,As5, Ag, a7, dig} be a set 


4.1.1. Application of IVNHSS For Decision Making 
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Assume & = {X?,82,8?, 84} be a set of alternatives who are shortlisted for interview and & = 
{@, = Experiance, £, = Dealing skills, £3 = Qualification} be a set of parameters for the selection of 
€, = {an = 
{a31 = 


Doctoral degree in medical education, a3, = Masters degree in medical education}. Let 2’ = €,; x 


MS. Experience = ¢, = {a,,; = more than 20,a,, = less than 20}, Dealing skills = 


public dealing, az, = Staff dealing} , and Qualification = £3 = 


€, x ¢3 bea set of sub-attributes. The health ministry defines a criterion for the selection of MS for 


all alternatives in terms of IVNHSNs given in Table 1. 


Table 1. Decision Matrix of Concerning Department 


2 ay az a3 ay as Ag ay ag 
6 (U3, 5)62-4102.6) (23,657,613) (5,6) .L.3)04-6) (2.4, [3,5) 03-6) (12.3) 02-4)004-5) (4-6) 01,.3)02-4) (6,7) 2.311034) (4-5), [5,-8], £4.21 
& = (5,6) 13,046)  (5.7)01-2b[4-6) (2,4) [3,4,12.5) (6-8)01.2013.5) (4-6b04-5).135) (3, 5)04-5).013) (L2.05,8)02.4) (5,7) [1,-21.05,-6) 
65 (2,41. [5,6], (4-6)  ([.2,-41.03,-41[25) (4-6102,3,00-4) ((2,.5)62.3),00-6) (3,4) 02-5).05-7) (3,5) 04-5).0L3) (12.4, [7, 8100.2)  (LL.2),[7,-8).02,.3) 
6 (2,3, L5,.7) [43D (3-4. (2, 5).05,.7) (.2,-41.03,5)03,.6)  5,.7)[1,.21,[4,6) (4,6) [4,.3)2.4) (1.21.5, 8].02,4) (2,4). 3,-41 12,5) (5,6), [1,3], £4,.6) 
Table 2. Decision Matrix for Alternative x 
x a, ti, iy a, is hg i, hg 
6 (2 4b S134) (346451625)  (03,-6b623,002) (2-4104-6b6L2) (2366-70023)  4-S)62-5),[23) (06-7). 6421.[2.3)  (f-4,-6], [2.3], [4,.5) 
6 (3 ALL2S).05-7) 47262) 4 S625), 6L-2)  65-700-2b(2-4) (6, 8020045) (62,407.81 002) — (f.2,-41.£3,-51 03,6) (3,41 [4,5], 2,4) 
6s (5, -6),[2,3)04-5) (5-7, 0L-2062-4) (07,8) 0-2002-4) (L381 6-5b(2-5) (L424 02D (6.2,-5)0.2,-4103,-5) (3,5) 62,-41 (4.6) (f5,-7], 1,2], 5,-6) 
6, (3, 5).13, 4,67) (.2,-4103, 41,02, 5) (2,4, 7, 81 [2D 4-7, 0,2,[00.2) (5,6). 62,3),[04.5)  (2,.4].[3,5)13,6)  4,-6).2,3, 14.5) (1,3), (4,5), £2,.5) 
Table 3. Decision Matrix for Alternative ¥@ 
x a, ty ig Wig is i, hi, ty 
6 (24/146. (4.5) (23, 64-6.(35) (12,668,125) (45),02,5).(L2) (23)(4-6,13.5) (E12, £68)[2,5) (7,8) £121(23)  1.3}£6.71,[2.5) 
& (45/125) (22) CS-76L21(24) C13,667,[26) (L425. 646) (L4,(24,00.2D (120[2-5,14.6) (4,625.46)  (14)02.-5),[4-6D 
6, (3,4). .2,-6). (4.6)  (.2,-443,4)02.5) (45, (2.5)0L2D (L2)025).04-6) (3,5) 035),06.7) (3,513.5) 66.7) (64.21. [2,.5, (4.6) — (L5,.7], [1,2], £.2,-4) 
& (24) (4,5), [68) (3-5) £3-5) 16-7) Q1.2).[2,5)[46) (14) (24) (2) (4,5) [2,5} (4.2) (2, [2,5, 14.6) (45,25) (12) (1-2). £2,-5),[4,-6) 
Table 4. Decision Matrix for Alternative x©) 
x) wi, i, iy i, i; tig hi, hg 
& (67121135) (68,6121(23) Ce7.63 5,22) C78,(12.025) Cée-7,612bL2) CS 8,612.24) CL3),06.7, 62.5) (07,8), £4,.2),£2.3) 
& = (S7(341123) CS-7E251123) CS6.63-4.L2) (C78)[3-5,03) CL-2,02, 5.46) (Labi S46) (46.2.3) [L21) (64.6), £2,.3), £22) 
6 (2,-4103,4,02.5) (4.7),02,31[3.7) (4,6) [2.3.0L2D (3,5) [35,016.70 (6,8) (1.2) 01-2) (07,8) [1.2,[2.4)  (L.2102,5).04-6) (6,8), [1.2], [,.3) 
& (6,8), [3,4)[1.2)  (S-7,£4.21[45)  (.2).[2,5) 646) (5,6) [3,4 [4.2)  2,.4h63,4L12,5)  (13)16.7)[2,5) (7,8), [4,.2) 62,5) (64,6), [2,3], [4,.2]) 
Table 5. Decision Matrix for Alternative x“ 
x a, ti, ig tig is ig i, ty 
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([3,.5], 2,4], [-4,.2) 
([-4,.5], [5,.7], [2,.4) 
([-2,.4], [3,4], L2,.5]) 


({.1,.2], [.2, 5], [.4, 6) 


([3,.6], [1,2], [4,.7) 
([4,.7], L3, 5], 2,4) 
([-4,.6], [2,3], [3,.5) 


(5, .7], [-2, 4] [-1,.3) 


([4,.7], L3, 41 L2,.3) 
([5,.8], [3,4], [2,.3) 
([3,.5], 3, 5], [-4,.2) 


(L.3,.5], L2,.5], £1,.3)) 


([7,.8], [2,-4], [3,.5) 
([:2,-4], [2,.3], [4,.5)) 
([:3,.5], [4,6], [.6,.7)) 


(4, .6], [2,5], £3,.4)) 


(L5,.7], L3, 4], 2,4) 
([:3,.5], [2,.3], [3,.5) 
([5,.7], [4,.2], [4,.5) 


(L.5, 8], £3, .4], £2,.3)) 


([-4, 6], [2,5], [3,.4)) 
([:2,.4], [2,.3], [3,.6)) 
([-4,.6], [3,5], [4,.2)) 


(4, .6], L2,.3], £1,.2]) 


([:2,.3], [5,.7], [2,.4) 
([5,.8], [3,6], [2,.3) 
([-6,.7], [4,2], [3,.5) 


([.4,.7], L3, 5], £2,.4)) 


(L5,.7], [:2,.4], [3,.5)) 
((-4, 6], [2,.3], [4.2] 
([2,.5], [:2,.3], [4,.6)) 


(L.2,.4], [-3, 4], [-2,.5) 


By using Tables 1-5, compute the correlation coefficient between Sjyyyss(@, XY) , 


Swvnss(QN8°), Svnnss(M, 8) by using equation 5 given as follows: 


Ownuss(@, 8%) , 


Owunss(2,8™) = 99701, Sivuss(@,8™) = 99822, Siynuss(P, 8) = .99986, and Siywuss(M, 8) = 
.99759. This shows that Sjyyyss(@8) > Sirywuss(Q. 8°) > Swnuss(P,8”) > Swvuss(P,8Y). It can 
be seen from this ranking alternative ©) is the most suitable alternative. Therefore &‘) is the best alternative 
for the vacant position of associate professor, the ranking of other alternatives given as NO) > R@ > RY > 
X®), Graphical results of alternatives ratings can be seen in figure 2. 


Correlation Coefficient 


X(1) 


X4(2) 


X4(3) 


X44) 


RA(3 
NA(2 
NA(4 


Figure 2: Alternatives rating based on correlation coefficient under IVNHSS 


5. Conclusion 


The interval-valued neutrosophic hypersoft set is a novel concept that is an extension of the 
interval-valued neutrosophic soft set. In this manuscript, we studied some basic concepts which were 
necessary to build the structure of the article. We introduced the correlation and weighted correlation 
coefficients under the IVNHSS environment. Some basic properties based on developed CC under 
IVNHSS were also introduced. A decision-making approach has been developed based on the 
established correlation coefficient and presented an algorithm under IVNHSS. Finally, a numerical 
illustration has been described to solve the decision-making problem by using the proposed 
technique. In the future, the correlation coefficient, the TOPSIS method based on correlation 
coefficient under IVNHSS can be presented. Future research will concentration on presenting 
numerous other operators under the IVNHSS environment to solve decision-making issues. Many 
other structures such as topological, algebraic, ordered structures, etc. can be developed and 
discussed under-considered environment. 
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